Emerging drone technologies have the potential to revolutionise ecological monitoring. The 18 rapid technological advances in recent years have dramatically increased affordability and 19 ease of use of Unmanned Aerial Vehicles (UAVs) and associated sensors. Compact 20 multispectral sensors, such as the Parrot Sequoia (Paris, France) and MicaSense RedEdge 21 (Seattle WA, USA) capture spectrally accurate high-resolution (fine grain) imagery in visible 22 and near-infrared parts of the electromagnetic spectrum, providing supplement to satellite 23 and aircraft-based imagery. Observations of surface reflectance can be used to calculate 24 vegetation indices such as the Normalised Difference Vegetation Index (NDVI) for 25 productivity estimates and vegetation classification. Despite the advances in technology, 26 challenges remain in capturing consistently high-quality data, particularly when operating in 27 extreme environments such as the high latitudes. Here, we summarize three years of 28 ecological monitoring with drone-based multispectral sensors in the remote Canadian Arctic.
Introduction

56
A variety of multispectral camera and sensor options are available and have been deployed 85 with drones. These range from modified off-the-shelf digital cameras (Lebourgeois et al. (Table 1) . New multispectral camera and sensor options continue to be released as 95 technologies develop rapidly, yet many common considerations exist with the use of these 96 type of sensors for the collection of vegetation monitoring data that we describe below. 97 98 here that this is not a calibration of the sensor itself, but a calibration of the output data.
181
Practical aspects of radiometric calibration are discussed later in Section 6.
183
The relationship between DN and the surface reflectance value of a pixel is also influenced 184 by the optical apparatus and the spectral response of the sensor, which require additional 185 corrections (see Kelcey 
299
Manufacturer guidance, online discussion boards and email lists (such as the HiLDEN 300 network: arcticdrones.org) can provide help and information on these technical problems.
301
Upon completion of the flight, image data can be retrieved from the sensors and transferred 302 to a computer for processing. We recommend backing up the drone / sensor memory after 303 every flight to reduce the risk of data loss due to hardware failure and crashes.
305
Processing will vary with the type of sensor / software that is used. Figure 2 
313
We suggest a final quality control step (Step 10) to assess the accuracy of the geo-location 314 and radiometric calibration of the outputs, before using them in the analysis to answer the 315 research questions. We also highlight that drone surveys can produce large amounts of data 316 that can create challenges for data handling and archiving. It is helpful to produce a storage 
441
We recommend recording sky conditions during the flight (Table 2) 
464
The accuracy of geo-tags is limited by the low precision of common drone / sensor GNSS 465 modules. Unless expensive differential positioning systems can be deployed for high 466 accuracy direct georeferencing, the only solution to obtain sub-meter geo-located 467 reflectance maps is to incorporate GCPs whose location is determined in-field with a high tiles; however, these can be heavy and therefore impractical in remote field conditions. We 
619
Target maintenance and quality control is essential (also discussed by Wang and Myint 620 2015). Changes in target reflectance can have notable effects on the calibration outputs 621 ( Figure 10 ). It is key to handle targets as carefully as possible to avoid surface degradation.
622
We recommend regular cleaning according to manufacturers' guidance and frequent re- 
650
We measured the transmissivity of the filters shipped with two Sequoias obtained in 2016 651 ( Figure 11 ). We observed a small reduction in transmitted radiation across all four bands, 
725
In this manuscript, we suggested a standardized workflow for multispectral drone surveys, 726 discussed the technical aspects and challenges of multispectral drone sensors, flight 727 planning, the influence of weather and sun, as well as aspects of geolocation and radiometric calibration. We believe that these key factors, if properly accounted for, will allow 729 for the majority of multispectral drone surveys to produce data that is comparable across 730 different study regions, plots, sensors and time. We encourage ecologists and other 731 researchers to incorporate these methods and perspectives in their planning and data 
